The neural circuits involved in oculomotor control are well described; however, neuromodulation of eye movements is still hardly understood. Memory guided saccades have been extensively studied and in particular neurophysiological evidence from monkey studies points to a crucial functional role of prefrontal dopamine activity. We exploited individual differences in dopamine regulation due to the well established COMT (catechol-O-methyltransferase) Val 158 Met polymorphism to explore the link between prefrontal dopamine activity and memory guided saccades in healthy subjects. The COMT genotype is thought to modulate dopamine metabolism in prefrontal cortex producing differences in dopamine availability. We investigated memory guided saccades in 111 healthy subjects and determined individual genotypes. Accuracy and precision were reduced in subjects with putatively higher prefrontal dopamine levels. In contrast, we found no modulation of saccade parameters by genotype in a visually guided control task. Our results suggest that increased dopamine activity can have a detrimental effect on saccades that rely on spatial memory representations. Although these findings await replication in larger and more diverse sample sizes, they provide persuasive support that specific oculomotor parameters are sensitive to dopaminergic variation in healthy subjects and add to a better understanding of how dopamine modulates saccadic control.
Introduction
Although the neuronal mechanisms of oculomotor control have been explored in great detail (Krauzlis, 2005) , knowledge on functional modulation by neurotransmitters lags behind. Indeed, there is a striking discrepancy between the well documented oculomotor deficits in diseases characterized by disturbed neurotransmission, e.g. schizophrenia, and the scarce understanding of which mechanisms drive these deficits. Several lines of evidence from clinical findings in humans and neurophysiological findings in monkeys suggest that the neurotransmitter dopamine plays a significant role in oculomotor control (e.g. Anderson & MacAskill, 2013; Gooding & Basso, 2008; Noudoost & Moore, 2011) . Given the ubiquitous relevance of dopamine activity in cognitive and motor processes, many facets of eye movements might be subject to dopaminergic modulation.
The memory guided saccade task represents an extensively studied oculomotor paradigm (see Johnston & Everling, 2008) . The task requires saccade planning, inhibiting the saccade, maintaining an accurate spatial representation of the target over the delay period, and finally initiating the saccade to the remembered target position. Key behavioural findings include decreased spatial accuracy, i.e. increased hypometria, increased spatial variability, and increased latencies in comparison to visually guided saccades (e.g. Becker & Fuchs, 1969; Krappmann, 1998; White, Sparks, & Stanford, 1994) . Performance in memory guided saccades has been consistently linked to prefrontal cortex where neuronal activity is primarily regulated by dopamine (Fuster, 1973; Goldman-Rakic, 1995; Seamans & Yang, 2004) .
Seminal evidence for dopaminergic modulation of memory guided saccadescame from direct pharmacological manipulation in monkeys. When dopaminergic transmission in dlPFC was impaired by antagonist drugs, neuronal activity as well as performance in memory guided saccades were significantly reduced (Sawaguchi, 2000 (Sawaguchi, , 2001 Sawaguchi & Goldman-Rakic, 1991 . In humans, a common possibility to explore dopaminergic modulation of specific functions is provided by studies in patients with psychiatric or neurological disorders associated with disturbed dopaminergic transmission, i.e. schizophrenia and Parkinson's disease. Consistently documented deficits include an increased number of premature saccades during the delay period and decreased accuracy (in schizophrenia patients e.g. Everling, Krappmann, Preuss, Brand, & Flohr, 1996; Landgraf, Amado, Bourdel, Leonardi, & Krebs, 2008 ; in Parkinson's disease patients e.g. Crawford, Henderson, & Kennard, 1989; Hodgson, Dittrich, Henderson, & Kennard, 1999) . However, the precise underlying mechanisms have remained controversial for several reasons. Due to the chronic character of the focused disorders, dopaminergic dysregulation in patients is far from localized, but is rather assumed to involve the dopamine network comprehensively. In addition, complications inherent to the clinical setting, e.g. comorbidities, medication effects or chronicity of disease, cannot be controlled sufficiently contributing to ambiguous interpretations of findings.
An alternative non-invasive way to investigate dopaminergic modulation of saccadic control in humans is provided by genetic polymorphisms that are associated with individual differences in neurotransmission. Numerous studies have investigated associations between cognition and dopamine-related genes and findings have been successfully integrated into cognitive theories (Bilder, Volavka, Lachman, & Grace, 2004; Frank & Fossella, 2011; Witte & Flöel, 2012) . Though, it has recently come under criticism due to replication failure suggesting a high rate of false positive (Chabris et al., 2012; Payton, 2009) . Although this criticism indicates that genetic associations have to be interpreted cautiously, it does not annul the unique value of the approach (see Moonesinghe, Khoury, Liu, & Ioannidis, 2008; van den Oord & Sullivan, 2003) .
Probably the best studied and documented dopaminergic polymorphism is the COMT (catechol-O-methyltransferase) Val 158 Met polymorphism [rs4680] . This polymorphism produces a functional allelic variation in the dopamine degrading enzyme COMT (Lachman et al., 1996) . The encoding gene is subject to a common mutation that results in a substitution of methionine (Met) for valine (Val) at codon 158. The Met allele is associated with significantly reduced enzyme activity leading to less efficient dopamine catabolism and thus higher dopamine levels. COMT represents the major dopamine breakdown mechanism specifically in prefrontal cortex and plays only a minor role in other brain areas (Lewis et al., 2001; Slifstein et al., 2008; Tunbridge, Harrison, & Weinberger, 2006; Yavich, Forsberg, Karayiorgou, Gogos, & Männistö, 2007) . Fig. 1 summarizes the putative functional mechanism of the COMT Val 158 Met polymorphism.
Given the seminal evidence from monkey studies that prefrontal dopamine is crucially involved in working memory processes (Sawaguchi & Goldman-Rakic, 1991; Williams & GoldmanRakic, 1995) , it appears quite coherent to expect a link between the COMT Val 158 Met polymorphism and memory guided saccades in humans. Insights into its role in saccadic control though are sparse. Some findings point to functional effects in the antisaccade task (Ettinger et al., 2008; Haraldsson et al., 2010; Kasparbauer et al., 2015; Kattoulas et al., 2010) , but differences were foremost observed in brain activation patterns and not in behavioural measures. The association between COMT genotype and memory guided saccades has not been explored so far. Based on the beneficial role of dopamine in working memory found in monkey studies, it can be hypothesized that Met allele carriers, showing relatively higher prefrontal dopamine activity, outperform Val/Val homozygotes. However, there is also evidence from association studies in humans that COMT genotype might be linked in an inverted Ushaped manner to working memory performance indicating optimal intermediate dopamine levels (Cools & D'Esposito, 2011; Meyer-Lindenberg & Weinberger, 2006; Schacht, 2016) . We thus aimed to investigate how the COMT Val
158
Met polymorphism is linked to memory guided saccades.
Methods

Participants
A total of 111 subjects (18 males) participated in our study. Subjects were undergraduate students enrolled in the psychology program at the Justus Liebig University Giessen. The pronounced bias towards females in the sample was due to the sex distribution in the particular cohort when we ran the study. Given only about 20% of males in this cohort an imbalance in our sample was inevitable. Age ranged from 18 to 45 years with a mean age of 23.7 years (SD = 5.1). All students were naive with respect to the purpose of the study and fulfilled requirements of the study program with their participation. Any history of neurological or psychiatric disorders as well as medications presumed to interfere with oculomotor functioning were screened out. Methods and procedures agreed with the Declaration of Helsinki (World Medical Association, 2013) . Informed consent was obtained by all participants and protection of data privacy was provided.
Genotyping
Genetic analyses were conducted within the Gene Brain Behaviour Project run by the Department of Psychology at the Justus Liebig University Giessen. The project maintains a large subject database characterized by selected polymorphisms functional for neurotransmission and available for behavioural research. All genetic analyses are performed and documented by an experienced technician in the local laboratory. DNA was extracted from buccal cells and was purified by a commercial extraction kit (MagNAPure LC DNA, Roche Diagnostics, Mannheim, Germany).
Genotyping (1, N = 111) < 0.01, p = .97).
Saccade tasks
We used the memory guided saccade paradigm illustrated in Fig , respectively, resulting in a Michelson contrast of 99 % for the target. This configuration of background and target avoided critical after-images which could interfere with the measurement of memory guided saccades.
The target was located at one of three different eccentricities (4, 10, or 16 deg) either to the right or to the left of the fixation dot. We varied target eccentricities across trials in order to emphasize working memory demands and to prevent spatial learning processes. Subjects were instructed to hold fixation during target presentation and during a variable delay period (500, 1500, or 3000 ms) after target offset. By using a range of delay periods we aimed to minimize the number of anticipatory responses. Only when the fixation dot was extinguished subjects were supposed to saccade to the remembered target location. The maximum response period was set to 1000 ms. Subjects started the next trial by pressing the space bar. Target positions and delay periods were balanced across all trials. The task consisted of a total of 54 trials.
Since the memory guided saccade task inherently involves a memory component as well as general saccade components, we in addition run a control task without delay periods. The task equalled our memory guided saccade task except that the fixation dot was extinguished with target onset and subjects were asked to make a saccade to the target immediately. We collected a total of 24 trials. The memory guided saccade task and the visually guided saccade task were run separately in randomized order within a single session. Performance data from visually guided saccades was supposed to facilitate interpretation of findings, in particular with regard to distinguishing between the role of working memory and possible confounding saccade processes.
Eye tracking equipment
Stimuli were generated using Matlab with the Psychophysics Toolbox (Brainard, 1997) . They were displayed on a 21-inch SONY GDM-F520 CRT monitor driven by an Nvidia Quadro NVS 290 graphics board with a refresh rate of 100 Hz non-interlaced. The spatial resolution was set to 1280 Â 1024 pixels. Subjects were seated in a darkened room at a distance of 47 cm in front of the monitor. subjects' heads were stabilized by a chin-and headrest. A standard 9-point calibration covering the whole screen was applied and accuracy was accepted if the validation procedure yielded values of average error not larger than 0.4 deg and worst error not larger than 0.7 deg. Each trial started with a drift correction in order to guarantee calibration across data collection. Subjects were instructed to keep their sitting position as stable as possible. The experimenter continuously monitored the subjects and repeated the calibration procedure when an accidental change in position occurred.
Data analysis
Genotyping and collection of saccade data were carried out in parallel and performed independently. Genetic and behavioural data were combined only after completion of data collection, thus saccade tasks were run blind to subjects' genotypes.
Eye position data were analyzed off-line. We determined saccades based on the Eyelink built-in detection algorithm. Memory guided saccades were supposed to be triggered by the offset of the fixation dot after the variable delay. We thus classified saccades with an onset before or less than 80 ms after the trigger as invalid and discarded those trials (compare Fig. 2B ). Fig. 2C illustrates the frequency distribution of valid saccades. We classified subjects with less than 35 valid trials as outliers and excluded their data from further analysis. This criterion applied to five subjects, one Val/Val homozygote, three Val/Met heterozygotes, and one Met/Met homozygote.
We considered saccadic accuracy and precision as well as saccadic reaction times as parameters of interest. Saccadic accuracy was measured as absolute endpoint error and gain. Endpoint error was defined as the distance between landing position of the saccade and the target position, measured in degrees of visual angle. Gain was calculated by dividing saccade amplitude in the direction of the target by target amplitude. Precision measures were given by the standard deviation of accuracy. Accuracy and precision measures were derived for the primary memory guided saccade as well as for the final saccade, i.e. for the last corrective saccade within the response period (compare Fig. 2B ). Saccadic reactions times were given as the latency of the primary saccade after the delay period. For the visually guided control task, parameters of the first saccade after target onset were evaluated.
We collapsed our analyses across the different delays and different target amplitudes. In order to exclude critical confounds, we inspected accuracy data for the different trial conditions. Given the narrow range of applied delay periods, we assumed that delay length does not affect performance (compare Mackey, Devinsky, Doyle, Meager, & Curtis, 2016; Srimal & Curtis, 2008) . Fig. 3A shows that accuracy in the different delay conditions widely overlapped. Accuracy measures for the different target amplitudes are illustrated in Fig. 3B . Consistent with previous reports (see van Beers, 2007) we observed an increase in saccadic endpoint errors with increasing amplitude. Gain as a relative accuracy measure, in contrast, was robust to amplitude differences. Most importantly, we found a robust overall pattern of saccadic undershoot at the level of individual subjects. Fig. 3C provides saccadic endpoint data for exemplary subjects from the different genotype groups. Thus, our data showed sufficient consistency allowing for collapsing across trial conditions.
Another potential confound we considered concerned anticipatory head movements during the delay period in the memory guided saccade task. Although the Eyelink 1000 Tower Mount with both the chin and forehead supported is classed as a head fixed device, small head movements towards the remembered target position could not be ruled out completely and could have biased eye position data. Several association studies on cognitive parameters have provided evidence that COMT genotype groups differ in executive control (compare Barnett, Scoriels, & Munafò, 2008) . Thus, we aimed to exclude systematic differences in small, unnoticed anticipatory movements in our paradigm that could complicate the interpretation of accuracy and precision results. In particular, we inspected fixation quality during the delay period which we supposed to be indicative for critical head movements. We could not determine any evidence of substantial differences in fixation behaviour between genotype groups. Furthermore, distribution of start positions of the memory guided saccades was not biased by genotype. We therefore concluded that small head movements during the delay period did not spoil the quality of our data.
Results
We found a robust association between the COMT Val 158 Met polymorphism and control of memory guided saccades. This association was specific to the spatial accuracy and precision of saccades. Genotype groups did not differ in the number of disinhibited, early saccades (F(2, 108) = 0.06, p = .94, x 2 < .01). In each group on average seven saccades had to be discarded because they were prematurely initiated during the delay periods (Val/Val: M = 7.3, SD = 5.9; Val/Met: M = 7.5, SD = 6.6; Met/Met: M = 7.0, SD = 5.4). Fig. 4 provides a first illustration of single subject data for landing positions of primary memory guided saccades, contrasting homozygous genotypes which are supposed to show the most pronounced differences in dopamine catabolism.
We consistently observed an undershoot of the primary memory guided saccade for all subjects. Although single subject data of both genotype groups overlapped substantially, scatter of landing positions revealed a separation. On the individual level as well as on average there seemed to be an advantage for Val/Val homozygotes, i.e. subjects with lower prefrontal dopamine activity. Their memory guided saccades came closer to the remembered target than those of Met/Met homozygotes.
We analyzed differences in saccade parameters between all genotype groups in detail by one-way ANOVAs. If Levene's test yielded a significant violation of the assumption of equal variances, we used the Browne-Forsythe statistic. Significant main effects were followed-up by appropriate post hoc tests, i.e. either Tukey or Games-Howell tests.
Accuracy of memory guided saccades was significantly modulated by the COMT Val 158 Met polymorphism. In summary, relatively higher prefrontal dopamine levels turned out to be detrimental to saccadic accuracy. In Figs. 5A and 6A results for the considered measures are given. Endpoint error of the primary memory guided saccades differed significantly between genotype groups (F(2, 103) = 4.62, p = .01, x 2 = .06). Whereas carriers of a Val allele showed similar endpoint errors of 1.5 deg (homozygotes) and 1.6 deg (heterozygotes), Met allele homozygotes' endpoints deviated on average 1.9 deg from the target position. Post hoc comparisons confirmed significant differences between the Met/Met genotype and both other genotypes. Overall 6% of variance in endpoint error could be attributed to individual differences between genotypes. The strength of the association was attenuated for the final endpoint error after the last corrective saccade, but still reached significance (F(2, 73.9) = 3.04, p = .05, x 2 = .04). Analysis of saccadic gain as an alternative measure of accuracy yielded congruent results. All genotype groups showed an undershoot of the primary saccade, but again it was significantly more pronounced in Met allele homozygotes (F(2, 103) = 5.63, p = .01, x 2 = .08). We determined saccadic gain values of .91 and .89 in Val allele carriers, respectively, which were both significantly higher than the gain value of .85 in non-carriers. Genotype explained 8% of variance in gain between genotype groups. A significant association between genotype and gain was still found after corrective saccades at the end of the trial (F(2, 103) = 3.48, p = .03, x 2 = .05).
To sum up, our data consistently documented lower saccadic accuracy of memory guided saccades in Met allele homozygotes who putatively have higher prefrontal dopamine levels than Val allele carriers. Even after corrective saccades accuracy in Met allele homozygotes was less than accuracy in Val allele carriers, only reaching approximately their primary level. In contrast to our findings in the memory guided saccade task, accuracy of visually guided saccades was not modulated by genotype (endpoint error: Met polymorphism and saccadic precision is illustrated in Figs. 5B and 6B. As for accuracy, data inspection suggested an association between genotype and precision of memory guided saccades. However, statistical analyses provided less consistent results.
We found most pronounced variability of endpoint error in the Met/Met genotype group, for the primary saccade as well as for the final corrective saccade. Differences between groups, though, did not reach significance (primary memory guided saccade: F(2, 103) = 2.23, p = .11, x 2 = .02; last memory guided saccade: F(2, 103) = 1.33, p = .27, x 2 = .01). Data for variability of gain showed Overall, these results showed that prefrontal dopamine activity also modulates precision of memory guided saccades. In particular variability of saccadic gain was significantly associated with COMT Val 158 Met genotype in our sample. Notably the association was more pronounced at the end of trials, i.e. after corrective saccades, than after the primary saccade. In the visually guided control task, we found no evidence for a link between the COMT Val 158 Met polymorphism and saccadic precision (endpoint error variability: F(2, Finally, we analysed differences in saccadic reaction times between genotype groups. As illustrated in Fig. 7A , neither in our memory guided saccade task (F(2, 103) = 0.08, p = .92, x 2 < .01) nor in the visually guided control task (F(2, 103) = 0.49, p = .62, x 2 < .01) genotype was associated with latencies of saccade initiation. The genotype groups also did not differ in dispersion of saccadic reaction times. In summary, we found that saccadic accuracy and precision of memory guided saccades was modulated by the COMT Val 158 Met polymorphism. According to the established functional mechanism of the polymorphism, these findings suggest that relatively higher prefrontal dopamine activity is detrimental to saccades that rely on memory representations. However this polymorphism does not produce any differences in saccadic latencies. We did not observe functional associations between the COMT Val 158 Met polymorphism and any parameters of visually guided saccades. This dissociation highlights the particular significance of dopamine for memory guided saccade processes.
Discussion
The neural pathways for saccadic control have been largely explored with a focus on functionally relevant structures and detailed models of involved circuitries have been derived. In contrast, understanding of how these pathways are modulated by neurotransmitters is just beginning to emerge. We investigated the association between COMT Val 158 Met polymorphism and memory guided saccades in healthy subjects. COMT gene variants determine the efficiency of dopamine catabolism in prefrontal cortex and thus contribute to individual differences in prefrontal dopamine activity (Tunbridge et al., 2006) . We aimed to explore how these differences are associated with memory guided saccades. Prefrontal cortex has not only been shown to play a crucial role in spatial working memory (Funahashi, 2015; Riley & Constantinidis, 2016) , but is also part of the complex circuitry subserving saccadic control (Munoz & Everling, 2004 ). In agreement with the established functional mechanism of the COMT Val
158
Met polymorphism, our findings provide evidence that higher prefrontal dopamine levels in healthy subjects detrimentally affect accuracy as well as precision of memory guided saccades. In particular Met homozygotes, i.e. individuals with the genotype associated with the least active COMT and in turn the highest prefrontal dopamine activity, showed significantly lower saccadic accuracy and precision. Overall COMT genotype explains about 5 to 8% of variance in the considered saccade measures. These effect sizes point to an association strength equivalent or even slightly above typical findings for performance in cognitive tasks, i.e. 4% explained variance (compare Barnett et al., 2008; Egan et al., 2001) . Genotype associations can ultimately provide only indirect evidence for underlying physiological processes. However, given the extensively studied and reliably confirmed functional mechanism of COMT Val 158 Met polymorphism, it appears plausible to assume that performance differences between genotype groups are driven by the variation in prefrontal dopamine activity. Notably, groups did not differ with regard to inhibitory control during delay periods or latencies of saccade initiation. Finally, functional modulation was confined to memory guided saccades. We did not observe an impact of COMT genotype on parameters in our visually guided control task.
Our main finding that higher dopamine activity is associated with lower accuracy and precision of memory guided saccades at a first glance appears in conflict with expectations suggested by neurophysiological studies in nonhuman primates and deficits in patients with disturbed dopaminergic neurotransmission. However, approaches differ substantially in terms of manipulation or variation within the dopamine system. In monkey studies dopaminergic manipulation was highly localized and limited to a specific receptor type, namely D1-receptors (Sawaguchi, 2000 (Sawaguchi, , 2001 Sawaguchi & Goldman-Rakic, 1991 . Although the functional mechanism of the COMT Val 158 Met polymorphism taps on equivalent structures, it appears evident that the associated dopaminergic modulation cannot be assumed to be strictly localized and exclusive to D1-receptors. In patient studies, on the other hand, disturbed neurotransmission has to be considered as broad and systemic so that specific mechanisms and local contributions remain ambiguous. Again, the scope of dopaminergic modulation by the COMT Val
Met polymorphism in healthy subjects differs fundamentally. Here no substantial imbalance of dopamine systems is to be assumed and differences between genotypes might be expected to reveal more circumscribed mechanisms. Thus, studying functional associations of the COMT Val 158 Met polymorphism in healthy subjects provides an essential complement to monkey and patient studies. It reveals dopaminergic modulation within a rather narrow, normal range and at the same time allows focusing on prefrontal transmission. Although there is broad consensus about the crucial mediation of working memory processes by prefrontal cortex and in particular dopamine activity (D'Esposito and Postle, 2015) , empirical evidence for the functional association of the COMT Val 158 Met polymorphism appears inconsistent with this theory. However, studies concerned with differences between COMT genotypes in cognitive functions focused on a rather small range of established tests of executive function, whereas working memory has been neglected (for review see Witte & Flöel, 2012) . Most critically, meta-analyses have shown an advantage of Met allele carriers in several executive functions, but for working memory a disadvantage has been indicated (Barnett et al., 2008) . We speculate that in working memory tasks highly specific capacities are required, whereas in other considered cognitive tasks more distributed capacities might be involved that are modulated by further complex functional associations. Our finding that less efficient dopamine catabolism is detrimental to memory guided saccades is congruent with a proposed inverted U-shaped association between working memory and dopamine (Cools & D'Esposito, 2011; MeyerLindenberg & Weinberger, 2006; Schacht, 2016) . Depending on task demands functionally optimal dopamine levels are assumed and deviations from this optimum leads to a decrease in performance. Support for this account has come from the investigation of dopaminergic drug effects on healthy subjects with different COMT genotypes (Mattay et al., 2003) as well as from receptor studies in monkeys (Vijayraghavan, Wang, Birnbaum, Williams, & Arnsten, 2007) . We did not observe inverted U-shaped performance across COMT genotypes, but a decrease of accuracy and precision with putatively increasing dopamine activity. This pattern might be explained by low task demands that put dopamine activity in Val homozygotes at an optimal level while higher activity in Met allele carriers contributes to a performance decrease. The consequences of dopaminergic over-activation in prefrontal cortex have been recently modelled emphasizing the detrimental effects of excess noise (Avery & Krichmar, 2015; Funahashi, 2014) . To sum up, our results agree with accounts emphasizing that the beneficial role of dopamine in working memory processes is not unconditional; detrimental effects of higher dopamine activity rather point to task-specific optima and the significance of balanced processes. A critical issue that qualifies our results concerns sex differences in dopaminergic regulation. We are aware of the predominance of female participants ($84%) in our study which might represent a critical confounding issue. Sex differences in the dopamine system have been described repeatedly, but understanding is still limited (for review Panzica & Melcangi, 2016; Trent & Davies, 2012) . Also the COMT Val 158 Met polymorphism is subject to a sexual dimorphism (Chen et al., 2004; Gogos et al., 1998; Harrison & Tunbridge, 2008; Tunbridge & Harrison, 2011) . Diverging or even contradicting functional associations for females and males have been reported quite frequently (Barnett et al., 2007; Biederman et al., 2008; O'Hara et al., 2006; Rybakowski et al., 2006; White et al., 2014) . More consistent associations for men than for women have been attributed to estrogenic regulation of COMT that might fluctuate across menstrual cycle and across age. Assuming this mechanism, our results suggest an extremely robust functional link between COMT and memory guided saccades because putatively increased noise in a predominantly female sample would attenuate any association. However, we cannot exclude that there are other characteristics of the dopamine system that are subject to sex differences and might affect the functional associations of COMT activity. Performance pattern of male subjects did not deviate from overall pattern, but given the extremely small number of males in our sample our data do not allow any conclusions on gender-specific effects. Thus, some caution is warranted when generalizing our results.
We are aware that conclusions from our data might be subject to some critical limitations that are inherent to the candidate gene approach. Association studies have been repeatedly criticized for reporting a variety of small associations for which replication fails. Results have been suspected to be predominantly false positive and arbitrary (Chabris et al., 2012; Payton, 2009) . While extreme suggestions have been made to abandon the approach at all, it has to be acknowledged that it provides a unique possibility to study the underlying mechanisms of individual variation and has substantially contributed to cognitive theories and disease models (Frank & Fossella, 2011; Tunbridge et al., 2012) . More deliberate considerations thus confirm the value of association results, but emphasize the need for robust functional models and wellcharacterized behavioural tasks (Goldman, Weinberger, Malhotra, & Goldberg, 2009) . In particular for the COMT Val 158 Met polymorphism it can be argued that convergent physiological and behavioural data convincingly confirm its functional role. Similarly, the control of eye movements is understood in exceptional detail and has been linked to specific neuronal mechanisms (Krauzlis, 2005) . We therefore propose that our findings of an association between COMT genotype and memory guided saccades can be plausibly interpreted. It of course has to be granted that our conclusions remain tentative and preliminary until our results are replicated in an independent sample and ideally supported by more direct physiological measures. Our study yielded unique insights into dopaminergic modulation of saccadic control in healthy subjects. Results suggest that prefrontal dopamine activity beyond an optimal level can have a detrimental effect on memory guided saccades and thus qualify the beneficial role of dopamine in working memory processes. Although our findings await replication in larger and more diverse sample sizes, they provide persuasive support that specific oculomotor parameters are sensitive to dopaminergic variation in healthy subjects and add to a better understanding of how dopamine modulates saccadic control. These results more generally emphasize the value of systematic variability and individual differences for uncovering functional processes (compare Peterzell, 2016; Vogel & Awh, 2008; Wilmer, 2008) . Integration of findings from different approaches, including neurophysiological evidence from monkey studies, deficits in clinical patient groups, and individual differences in healthy subjects, can improve our understanding of how the fine tuning of oculomotor control is modulated by neurotransmitters.
